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➢ Two-dimensional (2D) heterostructures can be formed by 
artificially stacking layers of different 2D materials

➢ 2D heterostructure optoelectronic devices with low-power 
consumption 

Excitonic Transistors

Ultrafast Photodetectors

Research Background



Research Interests

Macroscopic Device Performance Microscopic Photophysical Mechanism
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➢ High temporal (~200 fs) and spatial precision (~50 nm) allows
to directly track charge and energy flow at the nanoscale

Method
Ultrafast Transient Absorption Microscope

Note: PhD work at Purdue
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Charge Transfer Dynamics
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Graphene

Ultrafast Charge Transfer in WSe2-Graphene  
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Enhanced Photo-Carrier Generation

L. Yuan et al., Sci. Adv. 4, e1700324 (2018)Note: PhD work at Purdue
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Interlayer Exciton Transport in WS2-WSe2
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L. Yuan et al. Nat. Mater. 2020, 19, 617

Twist-Angle-Dependent Moire Potential

STEM Image

Twist-Angle-Dependent Interlayer Exciton Diffusion

Note: PhD work at Purdue



Manipulation of Exciton Dynamics in WSe2/Metasurface 

L. Yuan et al. Nano. Lett. 2021, In Press

Excitation Emission
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295 K
Model Gauss

Equation y=y0 + (A/(w*sqrt(pi/2)))*exp(-2*((x-xc)/w)^2)

Plot Peak1(295 K) Peak2(295 K)

y0 0.0085 ± 4.21308E-4 0.0085 ± 4.21308E-4

xc 1.63993 ± 2.29354E-4 1.65588 ± 6.25284E-5

w 0.07782 ± 4.01353E-4 0.02987 ± 1.73121E-4

A 0.03665 ± 2.71433E-4 0.02351 ± 2.49289E-4

Reduced Chi-Sqr 4.40336E-5

R-Square(COD) 0.99922

Adj. R-Square 0.99921
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Manipulation of Exciton Dynamics 

Note: Postdoc work at CINT



Future Study

➢Investigate charge carriers dynamics and transport in emerging low-dimensional

materials

➢Develop novel nanophotonics platforms to enhance light-matter interactions in

two-dimensional materials


